-1- AN ‘APPARATUS FOR CLAMPI NG A WORK PI ECE Theqbresent invention refers to.
an apparatus for clanping a \@0K @ 63 gn3aguelg defi 8 gUNi2e0pn wit hin

t he operating area of a nmachine tool, conprisi a chuck nenber adapted to
be fixed within the operating area dPOE'h@o(michi ne tool, a work piece car-
rier adapted to be fixed to the chuck nmenber and to be clanped thereto, and
a cl anpi ng nechani smfor clanping the workpiece car- rier to the chuck
menber. Such an apparatus, well known in the art, primarily serves for
clamping a work piece to be machined injhe operating area of a machine
tool with very high accuracy. It is particularly inpor- tant that also the
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Sane.ChucgigEngggpégh\ﬁﬂlbe fixed to the chuck member and to be clamped
thereto, .and a clamping mechanism for clamping the workpiece car-
rier to the chuck member.

Such an apparatus, well known in the art, primarily serves
for clamping a work piece to be machined in the operating area of
a machiné tool with very high accuracy. It is particularly impor-
tant that also the repetitive accuracy is ensured. In other words,
the work piece received on the work piece carrier has to be
clamped subsequently many times on a chuck member adapted to the
work piece carrier and shall thereby have always a precisely de-
fined position in X-direction, in Y-direction, in Z-direction and
also regarding the angular orientation around the Z-axis, for ex-
aMple in circumstances if the work piece carrier bearing the work
piece to be machined has to be clamped in different machine tools
that subsequently perférm different machining operations and are
each equipped with an identical chuck_membér, or in measuring and
test stations equipped with the same chuck member as well.
Such an apparatus is disclosed, for example, in the European

Patent Nr.0,255,042. That apparatus comprises two pairs of posi-
tioning strip members towering above the surface of the chuck mem-
ber, equipped with contact surfaces for the orientation of the
work piece carrier in X- and Y-directions. Moreover, four pins are
provided also towering above the surface of the chuck member.
These pins are responsible for defining the Z-position of the work
piece carrier. The matching work piece carrier comprises a plane

surface adapted to rest against the afore mentioned pins provided



Such an apparatus is disclosed, for exanple, in the European Patent

Nr. 0, 255, 042. That apparatus conprises tw pairs of posi- tioning strip
menbers towering above the surface of the chuck mem ber, equipped with
contact surfaces for the orientation of the work piece carrier in X- and
Y-directions. Mreover, four pins are provided al so towering above the
surface of the chuck nenber. These pins are responsible for defining the
Z-position of the work piece carrier. The nmatching work piece carrier
conprises a plane surface adapted to rgﬁ%_against the afore nentioned pins
provi ded -2- on the chuck nmenber. ‘Furthernore, the surface of the work
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| ock mechafii slme cchuck member. Finally, the work piece carrier has a central
aperture for receiving a pulling bolt member by means of which the
clamping force required to maintain the defined position between
work piece carrier and chuck ﬁember is transferred. Thereby, the
chuck member comprises a centrally located ball lock mechanism co-
operating with that pulling bolt member.

A dfsadvantage of such a kﬁown apparatus may be seen in the
fact that it cannot resist high tilting momenta or torque forces
that especially can occur in the case of cutting operations or if
the work piece to be machined is relatively big.

Thus, it is an object of the present invention to provide an
apparatus for clamping a work piece in a well defined position
within the operating area of a machine tool in which the work
piece carrier clamped to the chuck member and, thereby, the work
piece to be machined has an substantially increased resistance
against tilting momenta and torque forces, simultaneously avoiding
the danger that the work piece carrier and, thereby, the work
piece is displaced relative to the chuck member, all this by main-
taining a very high accuracy as far as the positioning of the work
piece carrier relative to the chuck member is concerned, particu-
larly also in the case of repetitive clamping, as explained herein
before.

In order to meet these and other objects, the invention pro-
vides an apparatus for clamping a work piéce in a well defined po-
sition within the operating area of a machine tool, comprising a
chuck member adapted to bé fixed within the operating area of the

machine tool, a work piece carrier adapted to be fixed to the



operating with that pulling bolt nmenber. A disadvantage of such a known
apparatus nmay be seen in the fact that it cannot resist high tilting
nonenta or torque forces that especially can occur in the case of cutting
operations or if the work piece to be machined is relatively big. Thus, it
I's an object of the present invention to provide an apparatus for clanping
a work piece in a well defined position within the operating area of a
machi ne tool in which the work piece carrier clanped to the chuck nenber
and, thereby, the work piece to be machLged has an substantially increased
resi stance against tilting nonenta and torque forces, sinultaneously.
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fixed to thfy second positioning members cooperate such as to define the po-
sition of the work piece carrier relative to the chuck member
along three coordinate axes each running perpendicular to each
other, i.e. the X-axis, the Y-axis and the Z-axis, as well as with
regard to the angular orientation around the Z-axis.

The':clamping mechanism thereby fixes the work piece carrier
to the chuck member once it is switched to the clamping condition
to maintain the defined position. It comprises a plurality of
clamping devices each having a direction of activity along a lin-
ear path. All these linear paths are located on or next to an
imaginary cylindrical nappe intersecting the first and second po-
sitioning members.

By the provision of a plurality of individual clamping de-
vices that are arranged, generally said, for example along a cir-
cle, the clampihg forces act exactly at those locations where they
can develop their greatest effect, i.e. in the region of the first
and second positioning members. The result is that the length of
the levers essential for the occurrence of a tilting momentum and
a torque momentum are zero or at least extremely small; this fact
explains the high resistance of the apparatus according to the in-
vention against unintentional positional changes caused by tilting
and torque momenta occurring under heavy load.

In order to even increase the desired high resistance against
unintentional positional changes caused by tilting and torque mo-
menta occurring under heavy load, it is provided in a preferred

embodiment that the afore mentioned linear paths of activity of



-3- chuck nenber and to be cl anped thereto, and a cl anpi ng nechani sm for

cl anpi ng the workpiece carrier to the chuck nenber and adapted to be
switched froma released condition to a clanping condition and vice versa.
The chuck nenber conprises first positioning nenbers and the work piece
carrier conprises second positioning nenbers. The first and second
positioning nmenbers cooperate such as to define the po- sition of the work
piece carrier relative to the chuck nenber al ong three coordi nate axes each
runni ng perpendicular to each other, i.e. the X-axis, the Y-axis and the
Z-axis, as well as with regard to the éﬁgﬂlar orientation around the
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whereby the clamping mechanism comprises a plurality of clamping
balls evenly distributed along the periphery of the chuck member,
and whereby the work piece carrier comprises a circular groove lo-
cated at its inner cylindrical surface; thereby, the clamping
balls cooperate with that circular groove.

In the following, an embodiment of the apparatus according to
the inveﬁtibn will be further described, with reference to the ac-
companying drawings, in which:

Fig. 1 shows a perspective view of a chuck member;

Fig. 2 shows a top view of the chuck member of Fig. 1;

Fig. 3 shows a sectional view of the chuck member of Fig. 1
taken along the line III-III in Fig. 2; '

Fig. 4 shows a sectional view of the chuck member of Fig. 1
taken along the line IV-IV in Fig. 2;

o Fig. 5 shows a sectional view of the chuck member of Fig. 1
-taken along the line V-V in Fig. 2;

Fig. 6 shows a perspective view of a work piece carrier mem-
ber;

Fig. 7 shows a bottom view of the work piece carrier member
of Fig. 6;

Fig. 8 shows a sectional view of the work piece carrier mem-
ber of Fig. 6 taken along the line VIII-VIII in Fig. 7; and

.Fig. 9 shows a schematiéal partial sectional view of a cen-
tering aperture and a centering pin in an enlarged scale.

The apparatus for clamping a work piece in a well defihed po-
sition within the operating area of a machine tool shown as an em-

bodiment in the drawings comprises, on the one hand, a chuck mem-



cle, the clanping forces act exactly at those | ocations where they can
devel op their greatest effect, i.e. in the region of the first and second
positioning nmenbers. The result is that the length of the | evers essenti al
for the occurrence of a tilting nomentum and a torque nonmentum are zero or
at least extrenely small; this fact explains the high resistance of the
apparatus according to the in- vention against unintentional positional
changes caused by tilting and torque nonmenta occurring under heavy load. In
order to even increase the desired high_gesistance against unintentional
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cl anping balls evenly distrirbuted along the periphery of the chuck nenber,
drawings), the work piece carrier member 25 serves for receiving
and holding a work piece to be machined. It should be emphasized
that the expression “work piece” shall be understood in a general
sense; particularly, a work piece could also be a tool to be ma-
chined, for example an electrode for an electro erosi#e machining
device.

As c¢an be seen particularly in Figs. 3-5, the chuck member 1
essentially comprises three portions, i.e. a base portion or base
element 2, an intermediate portion 3 and a head portion 4. In the
embodiment shown in the drawings, the base element 2 has the shape
of a circular disc or plate member provided with a éentral aper-
ture 5; the purpose of that aperture will be explained further
herein after. The intermediate portion 3 is provided with a cen-
tral aperture 6 having the same diameter as the aperture 5 and has
the shape of a cylindrical or tube-like element. It is connected
to the base element 2 by means of screws 7. Finally, the head por-
tion 4 has a central aperture 8 as well, again with the same di-
ameter as the apertures 5 and 6: It has essentially pot-like or
hat-like shape with an inner diameter that is greater than the
outer diameter of the intermediate portion 3. The head portion, on
the one hand, is connected to the base element 2 by means of
screws 9 and, on the other hand, is connected to the intermediate
portion 3 by means of screws 10. By virtue of the afore mentioned
design, an extremely stiff and flexurally rigid chuck housing is
realized that moreover can be easily disassembled, for example for

maintenance reasons.



and whereby the work piece carrier conprises a circular groove |o- cated at
its inner cylindrical surface; thereby, the clanping balls cooperate with
that circular groove. In the follow ng, an enbodi nent of the apparatus
according to the invention will be further described, with reference to the
ac- conpanying drawings, in which: Fig. 1 shows a perspective view of a
chuck nenber; Fig. 2 shows a top view of the chuck nenber of Fig. 1; Fig. 3
shows a sectional view of the chuck nenber of Fig. 1 taken along the |ine
[11-111 in Fig. 2; Fig. 4 shows a sectiqgnal view of the chuck menber of

Fig. 1 taken along the line IV-1Vin‘Fid. 2; Fig. 5 shows a sectional view
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enced in detail. In the interior of this circular chamber 11, a
circular piston 12 is received in such a manner that it can be
moved along the central axis Z of the chuck member 1. The circular
piston 12 is provided with a plurality of blind holes 13 that are
evenly distributed along its circumference and that are adapted
each to receive a tensioning or clamping spring 14. The springs 14
rest agaihst the bottom surface of the head portion 4 and bias the
circular piston 12 to move downwards. Moreover, the circular pis-
ton 12 is provided with an outer peripheral groove 15. The lower
lateral wall of that groove 15 slopes outwardly downwards. That
groove 15 serves for partially receiving a plurality of clamping
ball members 18.

Below the circular piston 12, there is provided a hollow cir-
cular chamber 16 communicating with a'connecting bore 17 provided
in the base element 2. By means of this connecting bore 17, the
circular chamber 16 can be filled with pressurized air, acting
against the circular piston 12 and moves the latter one upwards
against the pressure of the springs 14.

The head portion 4 is provided with a plurality of radially
extending bores 19 having a diameter that essentially corresponds
to the diameter of the clamping ball members 18 and serving for
receiving these clamping ball members 18. The-height level of
these bores 19 and the height level of the afore mentioned periph-
eral groove 15 are in such a relation that the clamping ball mem-
bers 18 inserted into the bores 19 can enter the peripheral groove
15 if the circular piston 12, under the influence of the pressur-

ized air in the circular chamber 16 and against the force of the



sition wthin the operating area of a machine tool shown as an em bodi nent
I n the drawi ngs conprises, on the one hand, a chuck nem -5- ber,
‘generally designated with reference nuneral 1 and shown in Figs. 1-5 and,
on the other hand, a work piece carrier nenber, generally designated with
ref erence nuneral 25 and shown in Figs. 6-8. While the chuck nenber is
essentially adapted to be fixed within the operating area of a nachine tool
(not shown in the drawi ngs), the work piece carrier nmenber 25 serves for
receiving and holding a work piece to Qg_nachined. It should be enphasi zed
that the expression "work piece" shall be understood in a general sense;
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exanple an el ectrode for an el ectro erosive machi ning device. As can be
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portion 3 and a head portion 4. | he enbodi ment shown in the draw ngs,
t he base slipheny ©of hthe theadkpeysion 4. cFimadlar, dibsc hepdppartiaenbers pro-
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surface of that shoulder 20 is a sealing member 21.
| The upper surface 24 of the head portion 4 is provided with
four protruding centering pins 22. that have essentially prismatic
shape and that are located evenly distributed along the edge re-
gion of the upper surface 24 of the head portion 4. Two opposite
centering pins 22 define the extension of the X-axis, while the
remaininé'two opposite centering pins 22 define the extension of
the Y-axis running perpendicularly to the X-axis. The point of in-
tersection of the X-axis and the Y-axis defines the Z-axis (Fig.
3-5) running perpendicularly both to the X-axis and the Y-axis. As
will be further explained herein after, at least the two peripher-
ally opposite lateral surfaces of the centering pins 22 are some-
.what inclined with regard to the Z-axis.

Moreover, the top surface 24 of the head portioh 4 is pro-
vided with four plane surface portions 23 each of them extending,
in the present embodiment, radially between two adjacent centering
pins 22. The surface portions 23 slightly tower above the top sur-
face 24 of the head portion 4. These surface portions 23 serve és
Z-references, as will be further explained herein after.

The design of the work piece carrier 25 is shown in Figs. 6-
8. As can be seen particularly in Figs. 6 and 8, the one-piece
work piece carrier 25 comprises a peripheral portion 26 having es-
sentially cylindrical or tube-like shape as well as an annulus-
shaped top portion 27. The inner diameter of the peripheral por-
tion 26 essentially corresponds to the outer diameter of the head

portion 4 of the chuck member 1, of course with a reasonable



herein after. The internediate portion 3 is provided with a cen- tral
aperture 6 having the sane dianeter as the aperture 5 and has the shape of
a cylindrical or tube-like elenent. It is connected to the base el enent 2
by neans of screws.7. Finally, the head por- tion 4 has a central aperture
8 as well, again with the sane di- aneter as the apertures 5 and 6. It has
essentially pot-like or hat-like shape with an inner dianeter that is
greater than the outer dianmeter of the internediate portion 3. The head
portion, on the one hand, is connected te-the base elenment 2 by neans of
screws 9 and, on the other hand, is connected to the internmediate portion 3

by means efes£46¥6 sikbh Bhati theewoikthbeed afaarmient 26nedndbsi gut @rto the
extrenely stiff and flexurally rigid chuck housing is realized that
nor eover EBARCHEMYMRET ! di sassenbl ed, for exanple for maintenance reasons.
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each other as seen in a direction towards the interior of the pe-
ripheral portion 26. In other words, the circular groove 28 has an
essentially V-shaped cross section. The axial position of the cir-
cular groove 28, i.e. the height level with reference to the Zz-
axis, is defined such that the clamping balls 18, schematically
indicated in Fig. 8, can penetrate the groove 28 if the work piece
carrier is‘loosely laid onto the chuck member 1. In this situa-
tion, the clamping balls 18 are somewhat axially offset downwardly
with regard to the axially extending symmetry plane S-S of the
circular groove 28. In other words: If the work piece carrier 25
is loosely laid onto the chuck member 1, the afore mentioned sym-
metry plane S-S of the circular groove 28 is located somewhat
above the center of the balls 18 inserted into the bores 19 of the
intermediate portion 3 of the chuck member 1.

The upper portion 27 of the work piece carrier 25 is provided
with an annulus-shaped shoulder 29 protruding towards the interior
of the peripheral portion 26. Thereby, the mean diameter of this
shoulder 29 essentially corresponds to the diameter of the circle
along which the four centering pins 22 provided on the head por-
tion 4 of the chuck member 1 are located. The front surface of
that shoulder 29 that protrudes towards the interior of the pe-
ripheral portion 26 of the work piece carrier 25 is smoothly plane
ground and serves as a z-reference of the work piece carrier 25.
It is adapted to cooperate with the afore mentioned plane surface
portions 23 provided on the top surface 24 of the head portion 4
of the chuck member 1. Moreover, the aforementioned front surface

is provided with four recesses 30 evenly distributed along the pe-



enced in detail. In the interior of this circular chanber 11, a circular
piston 12 is received i-n such a manner that it can be noved al ong the
central axis Z of the chuck nmenber 1. The circular piston 12 is provided
with a plurality of blind holes 13 that are evenly distributed along its
circunference and that are adapted each to receive a tensioning or clanping
spring 14. The springs 14 rest against the bottom surface of the head
portion 4 and bias the circular piston 12 to nove downwards. Moreover, the
circular pis- ton 12 is provided wth ag_outer peripheral groove 15. The

| ower | ateral wall of that groove 15 ‘sl opes outwardly downwards. That
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is understood that it is also possible to provide three, six,
eight or a greater number, béing a mathematical sub-set of a Hirth
gearing, of centering pins 22 and recesses 30 in order to ensure
the positioning of the work piece carrier 25 with regard to the
chuck meﬁbér 1l in X- and Y-directions as well as regarding the an-
gular orientation.

Fig. 9 shows a schematical partial sectional view of a cen-
tering recess 30 and a centering pin 22 in an enlarged scale. The
recess 30 is designed as a two stage groove and comprises two
shoulders 3l1la and 31b. As already mentioned before, the centering
pins 22 are slightly conical by the fact that at least the two pe-
ripherally opposite lateral surfaces of the centering pins 22 are
somewhat inclined with regard to the Z-axis. In practice, the an-
gle of inclination can be in the region of between 3° and 9°. The
edges 32a and 32b of the shoulders 31la and 31b protruding towards
the interior of the groove 30 are authoritative for the definition
of the position of the work piece carrier 25 with regard to the
chuck member 1 in X- and Y-direction as well as regarding the an-
gular orientation. Thus, the distance between these edges 32a and
32b is somewhat less than the width of the conical centering pin
22 engaging that recess 30, measured between the contact points or
lines of the two opposite lateral surfaces of the pin 22 when the

work piece carrier 25 is firmly clamped to the chuck member 1.



eral groove 15 are in such a relation that the clanping ball mem bers 18
inserted into the bores 19 can enter the peripheral groove 15 if the
circular piston 12, under the influence of the pressur- ized air in the
circul ar chanber 16 and agai nst the force of the -7- springs 14, is
noved in its topnost position. Thereby, the clanp- ing balls 18 can
penetrate the peripheral groove 15 to such an ex- tent that the clanping
balls no | onger tower above the outer pe- riphery of the head portion 4.
Finally, the head portion 4 is pro- vided with an outer peripheral shoul der
20. Inserted into the top surface of thHa shoulder 20 is a seal i ng nenber
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recesses 30, whereby the lateral surfaces 22a of the centering
pins 22 get into line contact with the edgés 32a and 32b, respec-
tively, of the shoulders 3la and 31b, respectively. In this condi-
tion, the plane ground end surface of the shoulder 29 of the work
piece carrier 25, serving as the Z-reference of the carrier 25,
does not yet abut against the plane surface portions 23 provided
on the héad portion 4 of the chuck member 1, towering somewhat
above its top surface and serving as the Z-reference of the chuck
member 1. Rather, in this situation, there is a gap between the
end surface of the shoulder 29 and the surface of the portions 23
with a width of éome 1/.00 of a millimeter. On the other hand, and
this fact has to bé emphasized, the position of the work piece
carrier 25 with regard to the chuck member 1 in X- and Y-
directions as well as regarding the angular orientation is finally
set. |

As has also already been mentioned, the axial position of the
circular groove 28 in the work piece carrier 25 is located in such
"a way that the clamping balls 18 of the chuck member 1 can pene-
trate the groove 28 if the work piece carrier 25 is loosely laid
onto the chuck member 1, whereby the symmetry plane S-S of the
circular groove 28 is located somewhat above the centers of the
clamping balls 18 inserted into the radially extending bores 19 of
the intermediate portion 3 of the chuck member 1. On the other
hand, in order to enable the work piece carrier 25 to be loosely
laid onto the chuck member 1, the clamping balls 18 of the chuck
member 1 have to be in their retracted position. This is accom-

plished (cf. Figs.3-5) by feeding pressurized air into the circu-



will be further explained herein after, at |least the two peripher- ally
| ateral surfaces of the centering pins 22 are sone- what inclined

with regard to the Z-axis. Mreover, the top surface 24 of the head portion
4 is pro- vided with four. plane surface portions 23 each of them extending,

opposite

in the present enbodi nent,

The surface portions 23 slightly tower above the top sur- face 24 of the
head portion 4. These surface portions 23 serve as Z-references, as wll

further explained herein after. The des

shown in

Figs. 6- 8. As can be seen par??éularly in Figs. 6 and 8, the
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ially cylindrical or tube-like shape as well as an annul us- shaped

es- sent
top port
essentia
chuck ne

| G FATCHIST RAEFOBI At 2rifcach&opani PRERER POYEmeRtoRgEENSt the

radially between two adj acent centering pins 22.

be

n of the work piece carrier 25 is

Ir%zyeﬁ{fee%cform@ Eﬁrifgﬁs Oif errisAmeher peklibﬂsrgfa&w&é I@n #o0f the

er 1, of course w a reasonabl e

cl earance” such that the work

pi ece carvided Zm dhe sdrgulapnpbstane Ighdsk mewsteinto Fhposiikan whiereofitt he
peripheral s porid Ay 38 +4f tgee%%%ﬁé%@. §28 162081 8LcAthSt PLOY ARG W el

circul ar groove 28, where

can penetrate the groove 15 and do not tower above the surface of
the intermediate portion 3 of the chuck member 1.

Once the work piece carriér 25 is loosely laid onto the chuck
member 1 and finally positioned with regard to the X- and Y-
directions as well as with regard to .its angular orientation, the
overpressure in the circular chamber 16 is removed with the result
that the circular piston 12 is moved downwards under the influence
of the force exerted by the springs 14. Thus, the clamping balls
18 are pressed into the circular groove 28 of the work piece car-
rier 25. Due to the afore mentioned slightly asymmetric rest posi-
tion between clamping balls 18 and circular groove 28 and due to
the V-shaped design of the circular groove 28, as seen im a cross
sectional view, the work piece carrier 25 is pulled against the
chuck member 1, in practice with a force in the region of between
2000 and 3000 Newtons. Under the influence of this clamping force
acting in Z-direction, the shoulders 3la and 31b, respectively,
are elastically deformed in the region of their edges 32a and 32b,
respectively, particularly to such an extent until the end surface
of the shoulder 29 of the work piece carrier 25 abuts against the
slightly elevated surface portions 23 of the head portion 4 of the
chuck member 1. The result is that the work piece carrier 25 is
exactly positioned with regard to the chuck member 1 in Z-
direction as well.

From these explanations, it is clearly evident that the
clamping force acting parallel to the Z-direction is transferred
by means-of the clamping balls 18 to the work piece carrier 25 to

clamp the latter one against the chuck member 1, particularly, in



side walls of the circular groove 28 extend conically away from each ot her
as seen in a direction towards the interior of the pe- ripheral portion 26.
In other words, the circular groove 28 has an essentially V-shaped cross
section. The axial position of the cir- cular groove 28, i.e. the height

| evel with reference to the Z- axis, is defined such that the cl anping
balls 18, schematically indicated in Fig. 8, can penetrate the groove 28 if
the work piece carrier is loosely laid onto the chuck nenber 1. In this
situa- tion, the clanping balls 18 are _ggnewhat axially offset downwardly
with regard to the axially extending symretry plane S-S of the circul ar

groove 28ghéNppéddit Widplel,f athewdDik RS G kveh1FOdi st o9sedy d1dng
onto the chuck nenber 1, the afore mentioned sym netrzhplane S-S of the
8
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snoot hl y phateruns, depending on the chosen dimensioning of chuck member 1
and work piece carrier 25 as well as depending on the exact posi-
tion of the centering pins 22, the recesses 30 and the end surface
of the shoulder 29, through these elements 22, 30 and 29, i.e. in-
tersectsjthese elements, or runs immediately next to these ele-
ments, preferably slightly outwards thereof. Thereby, it is en-
sured that the clamping force acts exactly at those locations
where it is really required, with the consequence that the flex-
ural stress present in the work piece carriers of the prior art is
drastically reduced and entirely avoided, respectively. Moreover,
tilting momenta occurring during the machining of a work piece are’
much better absorbed than in the case of a work piece carrier of
the prior art with a central clamping device.

It is understood that the circular piston 12 can be operated,
instead by means of pressurized air, also hydraulically.

The final shaping of the recesses 30 of the work piece car-
rier 25 preferably is performed by plastic deformation, for exam-
ple by stamping. Thereby, a very high accuracy can be achieved,
even in series production. The massive centering pins 22 having
slightly.sloped lateral surfaces ensure, in cooperation with the
recesses 30, that even very high torques can be transmitted.

To the stability and the rigidity of the system chuck mem-
ber/work piece carrier in the clamped condition contributes also
the circumstance that the work piece carrier, including its cen-

tering elements in X-, Y, Z- and angular directions, is of a one



ground and serves as a Z-reference of the work piece carrier 25. It is
adapted to cooperate with the afore nentioned plane surface portions 23
provi ded on the top surface 24 of the head portion 4 of the chuck nmenber 1.
Mor eover, the aforementioned front surface i's provided with four recesses
30 evenly distributed al ong the pe- -9- riphery of that front surface.
The exact design of these recesses will be further explained herein after.
Anyway, these four re- cesses 30 are adapted to cooperate with the afore
mentioned four centering pins 22 provided on the top surface 24 of the head
por- tion 4 of the chuck nmember 1. Even-#3-four centering pins 22 and four

recesses Jiaeopenstrutbiohhemewildtuar e fshhvnessentiesrry hest 4 ort hatplegent
exanple, it is understood that it is alsg possible to provide three, _siX,
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the work piece carrier 25 with regard to the chuck nenber in X- and
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improved by the provision of the sealing member 21 (cf. Figs. 3-5)
located at the top side of the shoulder 20, against which the
lower end surface of the peripheral portion 26 of the work piece
carrier 25 rests.

The provision of the central apertures 5, 6 and 8, respec-
tively, in the base element 2, in the intermediate portion 3 and
in the head portion 4, respectively, in connection with the gener-
ally annular shaped design of the work piece carrier 25, enable
also elongate work pieces to be clamped and machined. For example,
the turbine blades of turbine rotors can be received in the afore
mentioned apertures in order to machine the so-called “fir tree”
of the turbine blades.

If one can go without the afore mentioned central openness of
the clamping system according to the present invention, it is pos-
sible to provide an additional central clamping mechanism in order
to further increase the clamping force exerted to the work piece
carrier, or to provide a further, independent clamping system

known in the prior art, for example to clamp smaller work pieces.



tering recess 30 and a centering pin 22 in an enlarged scale. The recess 30
I s designed as a two stage groove and conprises two shoul ders 31a and 31b.
As al ready nentioned before, the centering pins 22 are slightly conical by
the fact that at |east the two pe- ripherally opposite |lateral surfaces of
the centering pins 22 are sonewhat inclined with regard to the Z-axis. In
practice, the an- gle of inclination can be in the regi

and 9[err]. The edges 32a and 32b of the shoul ders 3la a
towards the interior of the groove 30 arm-authoritative fmm‘ml ‘EH ﬂ“
of the position of the work piece carrier 25 with regard heic

menber 1 in X- and _Y-direction as wel [PAZENTeghAIMSQ the an- gul ar
orientation. Thus, the distance between these edges 32a and 32b i s sonewhat
| ess than the width of the conical centering pin 22 engagi ng that recess
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| ateral surfaces of the pin 22 when the work_piece carrier_25is fjr
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consequence re- sults: . : _
machine tool, a work piece carrier means adapted to be fixed to

said chuck means and to be clamped thereto, and clamping means for
. clamping said workpiece carrier means to said chuck means and
adapted to be switched from a released condition to a clamping
condition and vice versa, whereby said chuck means comprises first
positioning means and said work piece carrier means comprises sec-
ond positioning means, said first and second positioning means be-
ing adapted to cooperate such as to define the position of said
work piece carrier means relative to said chuck means along three
coordinate axes each running perpendicular to each other as well
as with regard to the angular orientation, and whereby said clamp-
ing means fixes said work piece carrier means to said chuck means
once it is switched to said clamping condition to maintain said
defined position, characterized in that said clamping means com-
prises a plurality of clamping device means each having a direc-
tion of activity along a linear path, whereby each of said linear
paths is located on or next to an imaginary cylindrical nappe in-

tersecting said first and second positioning means.

2. An apparatus accdrding to claim 1, characterized in that
said directions of activity of said clamping device means are lo-
cated outside of said cylindrical nappe intersecting said first

and second positioning means.

3. An apparatus according to claim 1, characterized in that
said chuck means is of essentially cylindrical shape and said work

piece carrier means is of essentially hollow cylindrical shape.



If the work piece carrier 25 is loosely laid onto the chuck menber 1, the
centering pins 22 engage the correspondi ng centering recesses 30, whereby
the lateral surfaces 22a of the centering pins 22 get into |line contact

wi th the edges 32a and 32b, respec- ti ; rs 3la and 31b,

respectively. In this condi- tion, the pl urface of the
shoul der 29 of the work piece carrier Zg”m}lﬂﬂmm 'ﬂz-reference of the
carrier 25, does not yet abut agai nst thespla =portions 23

provi ded on the head portion 4 of the chuck nmenber 1, towering sonmewhat
above its top surface and serving as the Z-reference of the chuck nenber 1.
Rather, in this situation, there is a ga® between the end surface of the
shoul der 29 and the surface of the portions 23 with a wdth of sone [err]
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groove means.

5. An apparatus according to claim 1, 3 and 4, characterized
in that said chuck means comprises a circular chamber means and
said clamping means comprises a-circular piston means biased by
spring means and being axially movably mounted in said circular
chamber means, said clamping ball means resting against said cir-
cular piston means, whereby said circular piston means is adapted
to press said clamping ball means into said circular groove means
provided in said work piece carrier means once said circular pis-

ton means is axially moved.

6. An apparatus according to claim 5, characterized in that
said circular piston means is adapted to be pneumatically or hy-
draulically moved from an operating position, in which it is bi-
ased by said spring means and presses said clamping ball means
into said circular groove means provided in said work piece car-
rier means, into a rest position in which said clamping ball means

are released.

7. An apparatus according to claim 6, characterized in that
said circular piston means comprises a peripheral groove means
that is located such that said clamping ball means penetrate said
circular groove means provided in said work piece carrier means

when said circular piston means is in its rest position.



clanping balls 18 inserted into the radially extending bores 19 of the

I ntermedi ate portion 3 of the chuck nenber 1. On the other hand, in order
to enable the work piece carrier 25 to be loosely laid onto the chuck
menber 1, the clanping balls 18 of the chuck nenber 1 have to be in their
retracted positiom —This—+s—accom plished (cf. Figs.3-5) by feeding

pressuri zed | ar chanber 16 bel ow the circul ar piston
12, with theﬁlm“mlmgagﬁ MCI rcular piston 12 is forced to an upward
novenent againste t of the springs 14. Thus, the peripheral
groove 15 pro- vided in the circular -piston 12 is aned into a position
where it is aligned with the clanping halglLs 18 such that the | atter ones
can penetrate the groove 15 and do not tower above the surface of the

i nternmedi ate p@rtAmwaﬁbaﬁhtmheacburﬁimgwﬁnﬂclaimcnceCbheawoekipe@cénddﬁﬁier
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the result that the circular piston 12 is noved downwards under the.

i nfl uenceTdPRERE- force exerted by the springs 14. Thus, the clanping balls
18 are pressed into the circular groove 28 of the work piece car-

9. An apparatus according to claim 4, characterized in that

said clamping device means comprises twelve clamping ball means.

10. An apparatus according to claim 4, characterized in that
said circular groove means provided in said work piece carrier

means is’ of essentially V-shaped cross section.

11. An apparatus according to claims 4 and 8, characterized
in that the axial location of said circular groove means provided
in said work piece carrier means is defined such that said clamp-
ing ball means can penetrate said circular grcove means provided
in said work piece carrier means when said work piece carrier
means is loosely laid onto said chuck means, whereby the plane of
symmetry of said circular groove means provided in said work piece
carrier means is located slightly above the centers of said clamp-

ing ball means inserted into said radially extending bores.

12. An apparatus according to claim 1, characterized in that
said chuck means is of essentially cylindrical shape and said work
piece carrier means essentially has the shape of a hollow cylinder
that is covered at one end by an essentially annulus-shaped plate
member, such that said chuck means is enclosed by said work piece

carrier means once the apparatus is in its clamped condition.



rier 25. Due to the afore nentioned slightly asymetric rest posi- tion
bet ween cl anping balls 18 and circul ar groove 28 and due to the V-shaped
design of the circular groove 28, as seen—+aA—a—<ctoss sectional view, the

wor k piece carrier 25 is pulled against the j n practice
with a force in the region of between 2000 gﬂgmmmm‘mu“ Under the

i nfluence of this clanping force acting in I cection, §he shoul ders 3la
and 31b, respectively, are elastically defornmed in the region of their
edges 32a and 32b, respectively, particularly to such an extent until the
end surface of the shoulder 29 of the wotk-piece carrier 25 abuts agai nst
the slightly elev i : he L t

chuck menber 1#§Tﬁ%$%g§%%%&%§ E%g%k? égﬁg?855#2§§’cgﬁf?ngggmfédggéé?ﬁ§
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paral | el 5 h%p??%'illf%c SO i%g)rt %3%% g?ﬁ%dé%;ﬁ%ge%ns‘&o ﬁggg anpi ng balls
18 to the work piece carrier 25 to clanp the latter one agai nst the chuck
menber 1, particularly, in -12- the present exanple, at twelve |ocations
evenly distributed al ong

-



t he periphery of the internediate portion 3 of the chuck nmenber 1. In other
words, the entire clanping force acting onto the work piece carrier 25 is
sumrmed up of twelve individual clanping force conponents each transferred
by one of the twelve clanmping balls 18. Thereby, the lines of activity of

t hese clanping force conpo- nents are |located on a cylindrical nappe M
(cf. Figs. 2-5 and 8) that runs, dependidd on the chosen di mensi oni ng of
chuck menber 1 and work piece carrier 25 as well as depending on the exact
posi - tion of the center ANGQAPPARATRL ROR CLAMPINGSA3RORKAPIEEE end surface of
the shoul der 29, through these elenents 22, 30 and 29, i.e. in- tersects

t hese el enents, or runs ime g§!¥!n§¥ttkg ngéfbgﬁgi ments, preferably
slightly outwards thereof. T en- sure at the clanping force
acts exactly at those Iocatlons mhere it is reaIIy required, with the
consequence t t t he fl%i ; ?tress present i.n the morkePinefcar iers
of the prior € | PR Plry B AN PSRy T8y Bi respect iRvel y.
Mor eover, s&'thbnnglﬂmrerﬁme @peuhking slwa mgf tahenamﬁlmenmglof:ompmgs pi ece
are nmuch better absorbed.than in the f a work .piece cargier of the
prior art CREER BEBRRE (k4 RA SRBPRGIGELTRE e OPSEAFEPS: 6585 Rt CEhem-
circular ph$he&ntddl Gl he wRES dlicde tastand tnatTRAMS bef pREesats | sl @Huck

al so hydraulically. The final shaping of the recesses 30 of the work piece
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-the chuck member and second positioning members provided on the

work piece carrier cooperate to define the position of the work
piece carrier along three coordinate axes each running perpendicu-
lar to each other as well as with regard to the angular orienta-
tion. A élamping mechanism fixes the work piece carrier member to
the chuck member in the afore mentioned defined position. In oxrder
to ensure an increased resistance against tilting momenta and
torque occurring during the machining of a work piece, the clamp-
ing mechanism comprises a plurality of clamping devices each hav-
ing a linear direction of activity, whereby all these linear di-
rections of activity are located on or next to an imaginary cylin-
drical nappe intersecting the first and second positioning mem-

bers.
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pl e by stanping. Thereby, a very high accuracy can be achieved, even in
series production. The nmassive centering pins 22 having slightly sl oped

| ateral surfaces ensure, in cooperation with the recesses 30, that even
very high torques can be transmtted. To the stability and the rigidity of
the system chuck nem ber/work piece carrier in the clanped condition
contributes also the circunstance that the work piece carrier, including
its cen- tering elenments in X-, Y, Z- and angular directions, is of a one
-13- piece construction. By virtue of the essentially pot- or hat-1like
shape of the work piece carrier 25, the_essential parts and ele- nents of
the chuck member 1 are enclosed once thé’ ystemis in op- eratjon, whereby
particularly the centering elenments 22, 23 and 30 are well protected

agai nst contam nation. Such protection is even inproved by the provision of
the sealing menber 21 (cf. Fgs. 3-5) located at the top side of the

shoul der 20, against which the | ower end surface of the peripheral portion
26 of the work piece carrier 25 rests. The provision of the central
apertures 5, 6 and 8, regpec- tiwely, in3the bage elenment 2, in the

i nternedi ate portion %3and 1




in the head portion 4, respectively, in connection with the gener- ally
annul ar shaped design of the work piece carrier 25, enable also elongate
wor k pieces to be clanmped and machi ned. For exanple, the turbine bl ades of
turbine rotors can be received in the afore nentioned apertures in order to
machi ne the so-called "fir tree" of the turbine blades. If one can go
w t hout the afore nentioned central openness of the clanping system
according to the present invention, it is pos- sible to provide an
additional central clanping mechanismirgyder to further increase the
cl anping force exerted to the work piece carrier, or to provide a further,
I ndependent cl anpi ng system known in the prior art, for exanple to clanp
smal | er work pieces. PATENT CLAIMS 1. An apparatus for clanmping a work
piece in a well defined position within the operating area of a machine
tool, conprising ﬂ chuc ns adaptéd 0 be éixed Eﬁtgin t he operating
area of the machi E t oo mn k pié arrie M apted to be fixed to
g C ed=1hed%to and awﬁfng means for cl anping
RS td saj d chuc nd adapted to be switched
froma releas§p conl W”é" b a clahping P s
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N
condition and vice versa, whereby said chuck neans conprises first
positioning nmeans and said work piece carrier nmeans conprises sec- ond
positioning neans, said first and second positioning neans be- ing adapted
to cooperate such as to define the position of said work piece carrier
means relative to said chuck nmeans al ong three coordi nate axes each running
perpendi cul ar to each other as well as with regard to the angul ar
orientation, and whereby said clanp- ing neans fixes said work piece
carrier neans to said chuck means once it is switched to said clanping
condition to maintain said defined posigiygn, characterized in that said

cl anpi ng neans com prises a plurality of clanping device nmeans each having
a direc- tion of activity along a |inear path, whereby each of said |inear
paths is |ocated on or next to an imaginary cylindrical nappe in-
tersecting said first and second positioning nmeans. 2. An apparatus
according to claim1, characterized in that said directions of activity of
sai d clanping device neans are |o- cated outside of said cylindrical nappe
intersecting said first and second positioning neans. 3. An appar atus
according to claim1, characterized in that said chuck nmeans is of
essentially cylindrical shape and said work piece carrier neans is of
essentially hollow cylindrical shape.

F1g.6



-15- 4. An apparatus according to claim-1l and 3, characterized in that said
cl anpi ng devi ce neans conprises a plurality of clanping ball neans evenly
di stributed along the periphery of said chuck nmeans and said work piece
carrier nmeans conprises a circular groove nmeans |ocated at its inner
cylindrical surface, said clanp- ing ball means being adapted to cooperate
with said circular groove neans. 5. An apparatus "according to claim1, 3
and 4, characterized in that said chuck nmeans conprises a circul ar chanber
means and sai d cl anpi ng nmeans conprises a-c#/8ul ar pi ston neans biased by
spring means and being axially novably nmounted in said circular chanber
means, said clanping ball nmeans resting against said cir-.cular piston
means, whereby said circular piston neans is adapted to press said clanping
ball neans into said circular groove nmeans provided in said wrk piece
carrier neans once said circular pis- ton nmeans is axially noved. 6. An
apparatus according to claim5, characterized in that said circular piston
nmeans is adapted to be pneumatically or hy- draulically noved from an
operating position, in which it DT - aseskfy said spring nmeans and
presses said clanping ball pe i i i reslar groove neans provided
in said work pi'ece car- 3
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rier nmeans, into a rest position in AE?E@ said clanping ball neans are

rel eased. 7. An apparatus according to claim6, characterized in that said
circular piston neans conprises a peripheral groove neans that is |ocated
such that said clanmping ball means penetrate "said circular groove neans
provided in said work piece carrier nmeans when said circular piston neans
isinits rest position. -16- 8. An apparatus~according to claim1,
characterized in that said clanping ball neans are-received in radially
extendi ng bores provided in said chuck gpgns and evenly distributed al ong
its pe- riphery. 9. An apparatus according to claim4,~characterized in
that said cl anpi ng device neans conprises twelve clanping ball nmeans. 10.
An apparatus according to claim4, characterized in that said circul ar
groove nmeans provided in said work piece carrier neans is of essentially
V-shaped cross section. 11. An apparatus according to clains 4 and 8,
characterized in that the axial location of said circular groove neans
provided in said work piece carrier neans is defined such that said cl anp-

Fig.9




ing ball .neans can penetrate said circul-ar groove neans provided in said
wor k piece carrier neans when said work ‘piece carrier neans is loosely laid
onto said chuck neans, whereby the plane of symetry of said circular
groove nmeans provided in said work piece carrier nmeans is |located slightly
above the centers of said clanp- ing ballgneans inserted into said radially
extendi ng bores. 12. An apparatus according to claiml, characterized in
that said chuck nmeans is of essentimgdéczlindrical shape and sai d work

pi ece carrier means essefNjAPPARALUS GiéﬂéING inder that is
covered at one end by an essentially ‘annul us-shaped pl ate nenber, such that
said chuck neans is encl osed Salcd Wwer khgi pLectaguirer neans once the
apparatus is in its clanped condition. -17- 13. An apparatus accordi ng
to claim1, characterized in that both said chuck neans and said work piece
carrier means P& ghiaciisdle 2Pl Lt EndBAND O D ikeeei i Agwel Dngeat Enswdrgo -

pi eces.

sition within the operating area of a machine tool comprises a
chuck member to be mounted within the operating area of the ma-
chine tool and a work piece carrier that can be put onto the chuck
member and clamped thereto. First positioning members .provided on
.the chuck member and second positioning members provided on the
work piece carrier cooperate to define the position of the work
piece carrier along three coordinate axes each running perpendicu-
lar to each other as well as with regard to the angular orienta-
tion. A élamping mechanism fixes the work piece carrier member to
the chuck member in the afore mentioned defined position. In order
to ensure an increased resistance against tilting momenta and
torque occurring during the machining of a work piece, the clamp-
ing mechanism comprises a plurality of clamping devices each hav-
ing a linear direction of activity, whereby all these linear di-
rections of activity are located on or next to an imaginary cylin-
drical nappe intersecting the first and second positioning mem-

bers.

(Figures 5 and 8)

THIS SHEET HAS BEEN
~ REPLAGED

REPLACEMENT St

0

EET

L&y ]
(S
£y
™
<5
[ 3
[ =%

|_AMENDED smeer ] This Sheet s Been Replaced




2

AUSTRALIANPATENT OFFICE .- , - Application No.
SEARCH REPORT - 3

Box IIT TEXT OF THE ABSTRACT (Continuation of item 5 of the first sheet)

The apparatus for clamping a work piece in a well defined position within the operating area of a machine tool
comprises a chuck member (1) to be mounted within the operating area of the machine tool and a work piece carrier
(25) that can be put onto the chuck member and clamped thereto. First positioning members (22, 23) provided on the
chuck member and second positioning members (30, 29) provided on the work piece carrier cooperate to define the
position of the work piece carrier along three coordinate axes each running perpendicular to each other as well as with
regard to the angular orientation. A clamping mechanism fixes the work piece carrier member to the chuck member in
the afore mentioned defined position. In order to ensure an increased resistance against tilting moments and torque
occurring during the machining of a work piece, the clamping mechanism comprises a plurality of clamping devices
each having a linear direction of activity, whereby all these linear directions of activity are located on or next to an
imaginary cylindrical nappe (MF) intersecting the first and second positioning members.
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